Background: Two preconditioning stimuli should induce a more consistent overall cell protection. We hypothesized that remote ischemic preconditioning (RIPC, second preconditioning stimulus) applied during isoflurane inhalation (first preconditioning stimulus) would provide more protection to the myocardium of patients undergoing on-pump coronary artery bypass grafting. Methods: In this placebo-controlled randomized controlled study, patients in the RIPC group received four 5-min cycles of 300 mmHg cuff inflation/deflation of the leg before aortic crossclamping. Anesthesia consisted of opioids and propofol for induction and isoflurane for maintenance. The primary outcome was high-sensitivity cardiac troponin T release. Secondary endpoints were plasma levels of N-terminal pro-brain natriuretic peptide, high-sensitivity C-reactive protein, S100 protein, and short-and long-term clinical outcomes. Gene expression profiles were obtained from atrial tissue using microarrays. Results: RIPC (n ϭ 27) did not reduce high-sensitivity cardiac troponin T release when compared with placebo (n ϭ 28). Likewise, N-terminal pro-brain natriuretic peptide, a marker of myocardial dysfunction; high-sensitivity C-reactive protein, a marker of perioperative inflammatory response; and S100, a marker of cerebral injury, were not different between the groups. The incidence for the perioperative composite endpoint combining new arrhythmias and myocardial infarctions was higher in the RIPC group than the placebo group (14/27 vs. 6/28, P ϭ 0.036). However, there was no difference in the 6-month cardiovascular outcome. N-terminal pro-brain natriuretic peptide re-* Senior Researcher, ʈ Professor,
lease correlated with isoflurane-induced transcriptional changes in fatty-acid metabolism (P ϭ 0.001) and DNAdamage signaling (P Ͻ 0.001), but not with RIPC-induced changes in gene expression. Conclusions: RIPC applied during isoflurane inhalation provides no benefit to the myocardium of patients undergoing on-pump coronary artery bypass grafting. R EMOTE ischemic preconditioning (RIPC) of the heart is a promising cardioprotective strategy based on ischemic preconditioning and involves short episodes of ischemia and reperfusion of noncardiac tissue such as the limbs. 1 Limb-induced RIPC is of particular interest, as it simply involves the inflation and deflation of a tourniquet applied to the limb before a sustained ischemic period of the heart or other vital organs. RIPC has been shown to effectively reduce cardiac injury associated with ischemia-reperfusion in animal models and patients. [2] [3] [4] Whereas local myocardial ischemic preconditioning has not found a routine place in current cardiovascular surgical practice, limb-induced RIPC is noninvasive and has potential clinical applications in prophylactic treatments against myocardial ischemia-reperfusion injury. On the other hand, whole body preconditioning with ether-derived volatile anesthetics was shown to decrease the release of biomarkers associated with myocardial cell death and myocardial dysfunction in patients undergoing coronary artery bypass graft (CABG) surgery. [5] [6] [7] [8] One study demonstrated that application of volatile anesthetics for the entire case, mimicking a combination of pre-and postconditioning (anesthetic conditioning), most markedly protected the myocardium of CABG patients. 9 These studies further suggest protective effects of volatile anesthetics on other vital organs and on the perioperative inflammatory response. 6, 10 According to the commonly accepted threshold theory of preconditioning, which implies that a certain degree of stimulation is required to reach the level where a cell or organ is able to activate its endogenous protection program, 11 it would be conceivable that the application of two well-defined preconditioning stimuli should induce a more consistent and effective overall cell protection. Experimental results in the field of ischemic and pharmacologic conditioning provide evidence that cell signaling of both types of conditioning share many critical steps, such as the inhibition of the metabolic enzyme GSK3␤ and the opening of the mitochondrial K ATP channel. [12] [13] [14] [15] Conversely, based on genome-wide transcriptional analyses, striking differences in gene expression patterns elicited by ischemic as compared with pharmacologic preconditioning by isoflurane were detected in the trigger phase (application of the preconditioning stimulus alone), as well as after exposure to ischemia-reperfusion injury. 16 In the present study, we tested whether RIPC executed on the lower limb (second preconditioning stimulus) would protect the myocardium in patients undergoing onpump CABG surgery with isoflurane anesthesia (first preconditioning stimulus). Specifically, we hypothesized that RIPC in combination with isoflurane inhalation would provide more pronounced protection, i.e., enhance the protection by isoflurane alone, as measured by the perioperative release of the cardiac necrosis marker cardiac troponin T, the primary endpoint of the study.
Materials and Methods
The local ethics committee of the University of Alberta (Edmonton, Canada) approved this study. Written informed consent was obtained from all patients. Fifty-five patients scheduled for elective on-pump CABG surgery were finally enrolled and assigned to RIPC treatment or placebo at the University of Alberta Hospital between September 2008 and July 2010. The trial was registered with ClinicalTrials.gov and issued with the identification number NCT00546390.
Study Criteria
Inclusion criteria were being scheduled for elective on-pump CABG surgery and age of 50 -85 yrs. Exclusion criteria were emergency surgery, myocardial infarction within 48 h before surgery as defined by increased plasma concentrations for cardiac enzymes, diabetes mellitus, a body mass index greater than 35, concomitant noncardiac surgery, or severe peripheral vascular disease.
RIPC Protocol and Anesthetic and Surgical Management
Details of the study protocol are given in figure 1. A 1:1 block randomization (block size 10) with no further stratification was generated by an independent person using a computer random number generator, and the results were stored in numbered, sealed, opaque envelopes. Anesthesia was induced with propofol; opioids including fentanyl, sufentanil, or remifentanil; and the muscle relaxant rocuronium. All monitoring lines were inserted and anesthesia was maintained with 0.5-2 minimum alveolar concentration of isoflurane and repetitive doses of opioids and rocuronium. A 15-cm sterile blood pressure cuff was placed around the right thigh and connected to the inflating device, and the patient was draped obscuring the visibility of the cuff. Subsequently, the patient was randomly allocated (by opening of an envelope) to RIPC consisting of four 5-min cycles of lower limb ischemia-reperfusion induced by a tourniquet inflated to 300 mmHg or placebo, i.e., no treatment. This procedure was executed by an operating room technician who also carefully checked the proper functioning of the inflating device before and after usage, but was otherwise not involved in the study. After median sternotomy and pericardiotomy, the right atrium and the ascending aorta were cannulated. Heparin was administered and standard cardiopulmonary bypass (CPB) was started using a disposable hollow fiber oxygenator. Isoflurane was given via an Isotec 5 vaporizer (Abbott Canada, Saint-Laurent, Québec, Canada) integrated into the CPB machine. After aortic cross-clamping, cold blood containing cardioplegia was administered antegradely to achieve cardiac arrest. Distal anastomoses were performed during a single period of aortic cross-clamping, whereas proximal anastomoses were conducted during side clamping. Using ␣-stat regulation of blood pH, core temperature was allowed to decrease spontaneously. Phenylephrine was administered to maintain on-pump blood pressure greater than 55 mmHg. Atrial tissue samples were collected at the time of cannulation and 15 min after releasing the cross clamp. After CPB, heparin was antagonized. Hemoglobin was maintained at greater than 7 g/dl during CPB and at greater than 9 g/dl after surgery. All patients were transferred to the intensive care unit, where they received the same standardized routine postoperative care. Collection and analyses of all clinical and laboratory data were performed by study personnel blinded for group assignment.
Primary and Secondary Study Outcomes
The primary outcome was high-sensitivity cardiac troponin T (hscTnT) release as measured by peak hscTnT values and area-under-the-curve. Secondary outcomes were plasma levels of N-terminal pro-brain natriuretic peptide (NT-proBNP), high-sensitivity C-reactive protein (hsCRP), S100, and short-and long-term clinical outcomes. The perioperative composite endpoint combining new arrhythmias and new myocardial infarctions was an additional secondary endpoint defined a priori.
Determination of Biochemical Markers
Blood samples were drawn preinduction, prebypass, immediately postbypass, 60 min post cross-clamp release, 24, 48, and 72 h after surgery for all patients. They were stored at Ϫ80°C until analysis. The following parameters were determined using the Roche Elecsys 2010 (Roche Diagnostics, Mannheim, Germany): cardiac troponin T (cTnT) (electrochemiluminescence sandwich immunoas-say), or limit of detection with coefficient-of-variation of 10%: 0.03 ng/ml, reference range/cutoff less than 0.1 ng/ ml; hscTnT (electrochemiluminescence sandwich immunoassay), or limit of detection with coefficient-of-variation of 10%: 13 pg/ml, reference range/cutoff less than 14 pg/ml (95% CI, 12.4 -24 pg/ml); NT-proBNP (electrochemiluminescence sandwich immunoassay), or limit of detection with coefficient-of-variation of 20%: 50 pg/ml; normal range/cutoff for men: age of 55-64 yrs, less than 210 pg/ml; 65-74 yrs, less than 376 pg/ml; greater than or equal to 75 yrs, less than 486 pg/ml; for women: age of 55-64 yrs, less than 287 pg/ml; 65-74 yrs, less than 301 pg/ml; greater than or equal to 75 yrs, less than 738 pg/ml; hsCRP (particle-enhanced immunoturbidimetric assay), or limit of detection with coefficient-of-variation of 10%: 0.1 ng/ml, reference range/cutoff less than 5 mg/l; S100 (S100A1B and S100BB) (electrochemiluminescence immunoassay), or limit of detection more than 0.005 pg/ml; intra-and interassay coefficients of variance, less than 5%; reference range/cutoff less than 0.105 pg/ml. S100 was only determined in preinduction, 1 h post cross-clamp, 24, 48, and 72 h blood samples.
Clinical Outcome
All medical charts were reviewed, and the caregivers were interviewed daily for the occurrence of adverse events. Any adverse events were diagnosed by the independently managing physicians as opposed to the biomarkers that were determined at the end of the study. Twelve-lead electrocardiograms were obtained postoperatively every day until discharge. The diagnosis of a new postoperative myocardial infarction was made if the criteria of the consensus guidelines for the detection of myocardial infarction as defined by the American Heart Association were met. 17 The diagnosis of a cerebral stroke required the presence of clinical symptoms and/or a positive computerized tomography scan. The diagnosis of significant renal dysfunction required postoperatively established hemodialysis or hemofiltration. The 6-months follow-up evaluation was performed by structured telephone interviews, and each patient's general physician was also contacted. Hospital charts, if applicable, were further reviewed. The study endpoints were late adverse cardiac events including cardiac death, nonfatal myocardial infarction, unstable angina, intercurrent coronary angioplasty or CABG surgery, arrhythmias requiring rehospitalization, and new episodes of congestive heart failure occurring after the hospitalization for CABG surgery. Death was considered a result of cardiac origin if the patient died of myocardial infarction, arrhythmia, or congestive heart failure. Myocardial infarction and unstable angina were defined as previously reported. 17 The diagnosis of congestive heart failure was based on symptoms and signs of pulmonary congestion and abnormal results on chest radiograph.
Transcriptional Analysis of Atrial Samples
Microarray analyses were performed to confirm the successful translation of the remote ischemic stimulus from the leg to the heart and to identify specific transcriptional changes in the myocardium elicited by RIPC and isoflurane. Microarray analysis was performed following the "minimum information about a microarray experiment" guidelines. 18 The microarray data are available at the Gene Expression Omnibus database under the series number GSE29396. For 11 randomly selected patients from each group, two atrial samples were collected, one at the time of cannulation (T1) and one 15 min after releasing the cross-clamp (T2). Total RNA was isolated using the Qiagen RNeasy MiniKit (QIAGEN Inc., Toronto, Canada) according to the manufacturer's instructions. The quality of the isolated RNA was determined with a Nano-Drop ND 1000 (NanoDrop Products, Wilmington, DE) and a Bioanalyzer 2100 (Agilent Technologies, Inc., Santa Clara, CA). The complementary DNA was prepared from total RNA using the WT Ovation Pico System (NuGEN Technologies, Inc., San Carlos, CA). The FL-Ovation complementary DNA Biotin Module V2 (NuGEN) was used to generate biotin-labeled single-stranded complementary DNA samples, which were subsequently fragmented randomly to 35-200 bp at 94°C in Fragmentation Buffer (Affymetrix Inc., Santa Clara, CA) and used to hybridize onto Affymetrix Exon 1.0 ST arrays (Affymetrix Inc.). Exon arrays from Affymetrix contain exon-specific oligonucleotide probes (4 probes per exon). Compared with Affymetrix standard expression arrays, the increased number of probes (for most of the multi-exon genes, 40 probes on average are used to interrogate the same gene) increases the robustness of gene-level expression measurements. Background correction, normalization, and calculation of probe set summaries were based on the custom chip definition files from BrainArray** (Brainarray Version 11.0.1, HuEx10stv2_Hs_ENSG) 19, 20 and the Robust Multichip Average method. 21 When computing the Robust Multichip Average, poorly performing probes, i.e., probes with a signal less than 25 (log2 signal threshold 4.644) in all samples were excluded. The gene expression matrix was used as input to Gene Set Enrichment Analysis 22 (GSEA), which is designed to identify genes with coordinate transcriptional regulation within functionally related groups of genes called gene sets. Gene sets are collected in the Molecular Signatures Database † † (MSigDB; Release 3.0, Sept. 2010). GSEA was used (1) to identify pathways that were altered from time T1 (cannulation) to time T2 (after cross-clamp release) independently of the treatment, and (2) to identify differential transcriptional responses to on-pump CABG in RIPC versus placebo. To achieve this goal the fold change of each transcript from T1 to T2 was computed and GSEA analysis was performed using a two-phenotype design (FC_RIPC vs. FC_placebo). In order to compute the average gene expression changes within a given gene set, the gene expression levels of the enriched genes in a pathway were standardized to a mean of 0 and a variance of 1 across all 44 samples. Validation of chip data using real-time reverse-transcriptase polymerase chain reaction was conducted as previously described. 10 ** http://brainarray.mbni.med.umich.edu/Brainarray/Database/ CustomCDF/genomic_curated_CDF.asp. Accessed April 20, 2011. † † http://www.broadinstitute.org/gsea/msigdb/index. jsp. Accessed April 20, 2011. 
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Statistical Analysis
Sample size was calculated based on the results for cTnT reported previously. 2 With an expected difference of 0.22 pg/ml between group means, a SD of 0.25 pg/ml of the means, ␣ ϭ 0.05, and ␤ ϭ 0.8, a sample size of 22 was necessary. Five or six additional patients per group were enrolled to compensate for possible dropouts. The area under the hscTnT concentration time curve was computed using the trapezoidal rule. 2 Continuous data were summarized as mean Ϯ SD or median and quartiles (25% percentile, 75% percentile), where appropriate. Categorical data were summarized using percentage (proportions). The standardized difference (effect size) was computed as the (absolute) difference of the means divided by the SD of all observations (continuous data). In the case of proportions, the standardized difference was computed as:
where P 1 and P 2 are the proportions in the placebo and the RIPC group and P is their average. Biochemical parameters were logtransformed and two-way ANOVA was used to evaluate differences over time between groups. All other data including the primary outcome variables (peak hscTnT and area-under-the-curve) were analyzed using the unpaired Student t test or the Wilcoxon rank sum test, depending on the underlying data distribution. Categorical variables were compared using the chi-square test, if appropriate. To test the association between NT-proBNP and transcriptional changes, linear regression analysis was performed. In addition, forward stepwise linear regression (F-to-Enter ϭ 4.000, F-to-Remove ϭ 3.996) was applied using NT-proBNP as the dependent variable and transcriptional changes and clinical data as the independent variables. Adjusted squared correlation coefficients (R 2 adj ) and the P values were reported. Differences were considered significant if P Ͻ 0.05. Analyses were performed using Sigmaplot Version 11.0 (Systat Software, Inc., Chicago, IL).
Results
Demographics, Perioperative Data, and Clinical Outcome
The CONSORT diagram is depicted in figure 2 and patient data are listed in table 1. The RIPC group and the placebo group were similar with respect to all preoperative data including medication and comorbidity. Data from the preoperative assessments are listed in table 2. The number of diseased coronary arteries and the number and the degree of accompanying valvular disease were similar between the groups. Intraoperative data were comparable between groups except for a slightly reduced CPB time in 
Biomarkers for Myocardial Necrosis (hscTnT, cTnT) and Contractile Dysfunction (NT-proBNP) Do Not Demonstrate Cardioprotection with RIPC in Isofluraneanesthetized Patients
Measurements of hscTnT and cTnT representing the primary endpoint of this study peaked on postoperative day 1 and were similar in the RIPC and the placebo groups ( fig.  3A, 3B) 
Biomarker for the Perioperative Inflammatory Response (hsCRP) and Cerebral Injury (S100) Do Not Show Protection with RIPC in Isoflurane-anesthetized Patients
Preoperative hsCRP, a marker for coronary artery plaque inflammation and instability, was similar between RIPC and the placebo group ( fig. 4A ). Two patients in the placebo group but no patient in the RIPC group had increased baseline preoperative hsCRP levels. Levels of hsCRP peaked on postoperative day 2 (RIPC group: 251 (210; 304) mg/l vs. placebo group: 229 (136; 328) mg/l), but there was no difference between groups. S100 measurements only showed a sharp peak 1 h after the release of the cross-clamp (RIPC group: 1.26 (0.79; 1.93) pg/ml vs. placebo group: 0.98 (0.45; 1.57) pg/ml) ( fig. 4B ), which did not correlate with hscTnT measurements (R 2 ϭ 0.12, P ϭ 0.67), implying a different source of release of this biomarker than the heart.
Gene Expression Profiling Unveils that Isoflurane, but Not RIPC-related Transcriptional Footprints, Correlate with the Release of the Biomarker NT-proBNP
For each patient two atrial biopsies were collected, the first sample after induction of anesthesia and chest opening and the second sample after release of the cross-clamp before chest closing. Sample one in both groups mainly reflects the gene expression in the presence of isoflurane, because RIPC was conducted shortly before cannulation and collection of the first tissue sample. Sample two mirrors the expression after ischemia-reperfu- (table 5) . Transcripts involved in fatty-acid oxidation and DNA-damage signaling were downregulated (figs. 5 and 6 and table 5), a transcriptional feature that was previously reported for sevoflurane when compared with propofol in off-pump CABG surgery. 10 There was a close correlation between fatty-acid oxidation and DNA-damage signaling (R 2 adj ϭ 0.89, P Ͻ 0.001; see Supplemental Digital Content 3, http://links.lww.com/ALN/A798, which is a graphical representation). Fatty-acid oxidation (P ϭ 0.001; fig. 5C ) and DNA-damage signaling (P Ͻ 0.001; fig. 6C ) directly correlated with peak NT-proBNP release. There was no correlation with hscTnT. A forward stepwise linear regression was conducted to test whether other factors such as body temperature, bypass time, cross-clamp time, or time elapsed between the collection of the biopsies would predict peak NT-proBNP values. Our analysis shows that only changes in transcripts related to fatty acid metabolism (P ϭ 0.001) reliably predict peak NT-proBNP values. Using DNA damage signaling, which strongly correlates with fatty acid metabolism, in a similar analysis, DNA damage signaling (P Ͻ 0.001) and bypass time (P ϭ 0.026) remain as independent predictors of NT-proBNP in the model. Although GSEA detected differences in transcriptional activity between RIPC and placebo (see Supplemental Digital Content 4, http://links.lww.com/ALN/A800, and Supplemental Digital Content 5, http://links.lww.com/ALN/A801, for heat maps of the differentially regulated genes), including gene sets related to tumor necrosis factor signaling, 24 stem cell and progenitor activity, 25 
Discussion
The present study tested whether RIPC, when applied following induction of anesthesia, would protect the myocardium against ischemic injury in isoflurane-anesthetized patients undergoing on-pump CABG surgery. Unlike most previous studies, 2,27 the anesthetic was standardized in our study with propofol used for induction and isoflurane for maintenance before, during, and after cardiopulmonary bypass. Here, we report the following salient findings. First, we were unable to detect enhanced cardioprotection by RIPC with any of the used cardiac biomarkers (hscTnT, cTnT, NT-proBNP) in isoflurane-anesthetized patients. Also, there was no decrease in in-hospital and 6-months cardiovascular complications in patients assigned to RIPC. Rather, combining arrhythmias and new myocardial infarction unexpectedly discovered fewer events in the placebo patients. We note that our study is clearly underpowered to detect differences in clinical outcomes, but the sample size used allowed the detection of a 40% difference in the release of troponin between groups with a power of 80%. 2 However, smaller differences may not be detected reliably. Since RIPC potentially impacts not only the heart but also other vital organs, 3 we also evaluated whether RIPC would reduce the release of S100, a marker of cerebral injury, because of CPB-associated emboli 28 and hsCRP, a marker of the perioperative inflammatory response. Again, no differences between groups were detected in these secondary endpoints. Our results of the biomarker analyses were further corroborated with a comprehensive transcriptional analysis in atrial tissue samples collected at the beginning and at the end of the cardiopulmonary bypass. Although previous studies investigated RIPC-induced transcriptional changes in mouse hearts 29 and human blood, 30 our study is the first to assess RIPCinduced transcriptional changes in human hearts. In accordance with the negative results of the biomarker analyses, our genome-wide analysis revealed that peak NT-proBNP release correlated with isoflurane-but not RIPC-induced transcriptional footprints, suggesting that isoflurane rather than RIPC dominated the transcriptome and potentially translated into functional improvement as measured by lower NT-proBNP release. Collectively, we were unable to detect cardioprotective effects elicited by RIPC in isoflurane-anesthetized patients at the biochemical or clinical level. How can these results be interpreted in the context of the available preconditioning literature? According to the threshold theory of preconditioning, which implies that a certain degree of stimulation is required to reach the level where a cell or organ is able to effectively activate its endogenous protection program, it could be expected that the application of two well defined preconditioning-stimuli, such as RIPC and isoflurane in our study, should indeed induce a more consistent and effective overall cell protection. Conversely, if the maximum preconditioning trigger stimulus has been already reached with approximately 1.0 -1.5 minimum alveolar concentration of isoflurane alone, as used in our study, the ischemic stimulus by RIPC may become redundant, and the net result would be a lack of synergy. In support of this concept, Zaugg et al. 15 reported a concentration-dependent protection by isoflurane and sevoflurane in isolated rat ventricular myocytes with a ceiling-effect at approximately 1.5 minimum alveolar concentration. Whereas most previous studies of RIPC in nonsurgical patients showed cardioprotection, 31 results from studies in patients undergoing CABG surgery were rather mixed or disappointing. 27 In fact, a recent randomized double-blinded study with 162 patients undergoing on-pump CABG surgery demonstrated no reduction in troponin release or improvement in hemodynamics or any renal or lung protection after exposure to RIPC elicited by three 5-min cycles of 200 mmHg cuff inflation/ deflation of the arm. 27 In that study, the patients were exposed to propofol at the time of RIPC and to some (unreported) levels of enflurane and sevoflurane during cardiopulmonary by- False discovery rate is the estimated probability that a set with a given normalized enrichment score represents a false positive finding. pass. We speculate that application of RIPC under general anesthesia is an ineffective way to achieve cardiac and vital organ protection, because anesthetics are known to mitigate the ischemic response in the human body necessary to elicit the preconditioned state. This may be particularly true for ether-derived volatile anesthetics, which are known to elicit strong preconditioning by activation of the mitochondrial K ATP channel. 13, 15 In fact, Lucchinetti et al. 32 showed in healthy volunteers that sevoflurane at low sedative concentrations attenuates ischemia-reperfusion-induced activation of leukocytes and protects the endothelium against ischemic injury. Likewise, propofol is known to protect against ischemia/reperfusion damage in a human forearm model of ischemia-reperfusion. 33 What do we know from animal studies? Using a rat model of unilateral nephrectomy and ischemic preconditioning with three 5-min cycles of the contralateral kidney artery, Vianna et al. 34 demonstrated that ischemic preconditioning, when applied during isoflurane anesthesia, completely "loses" its renal protection compared to isoflurane anesthesia alone. Similarly, opioids such as remifentanil limit infarct size but attenuate ischemic preconditioning-induced infarct limitation in a rabbit model. 35 Conversely, Toller et al. 36 reported in a dog model of coronary artery occlusion synergistic effects of ischemic preconditioning and sevoflurane if administered sequentially and not concomitantly. Taken together, these studies provide evidence of antagonism rather than lack of synergy between different types of preconditioning, i.e., ischemic and pharmacologic preconditioning, and suggest that anesthetics attenuate or even abolish RIPC when administered concomitantly.
Using oligonucleotide microarrays, we previously studied different types of preconditioning for their therapeutic potential in human and rat cardiac tissues. 10, 16 Whereas both pharmacologic preconditioning with isoflurane and ischemic preconditioning prevented activation of genes involved in hypertrophy and remodeling, ischemic as opposed to isoflurane preconditioning elicited a postischemic expression profile similar to unprotected cardiac tissue, implying that ischemic preconditioning may be even harmful to the myocardium. Iliodromitis et al. 37 reported that RIPC in patients undergoing percuntaneous coronary intervention exacerbates the release of troponin from the heart and that the inflammatory marker C-reactive protein remains high after the intervention especially in patients treated with RIPC. In our study, GSEA, 22 a sophisticated tool for pattern recognition, detected upregulation of gene sets related to hypertrophy and inflammation after RIPC heralding detrimental rather than beneficial effects. The higher incidence of the 
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composite endpoint arrhythmias and myocardial infarction in RIPC patients (P ϭ 0.036) raises the possibility that RIPC under certain conditions may harm rather than benefit. However, these RIPC-induced transcriptional changes did not correlate with the release of biomarkers. On the other hand, GSEA 22 detected beneficial transcriptional changes previously observed in hearts exposed to volatile anesthetics, including down-regulation of transcripts involved in fatty-acid oxidation. 10 This metabolic shift correlated closely with transcripts involved in DNA-damage signaling (see Supplemental Digital Content 3, http://links.lww.com/ALN/A798) and perioperative cardiac function as determined by NT-proBNP release and confirms previous findings that myocardial substrate metabolism critically affects perioperative cardiac function. 10, 38, 39 A comparison of the peak NT-proBNP release between this study and the study by Julier et al. 6 demonstrates that RIPC and placebo patients in the present study (approximately 2,200 pg/ml) were more similar to the sevoflurane preconditioned group (approximately 1,500 pg/ml) than to the placebo group (without preconditioning) (approximately 3,800 pg/ml) of the Julier study, suggesting that most probably all but not just the RIPC patients, in accordance with isoflurane application to all patients, were preconditioned and hence protected in our study.
Our findings have important clinical implications. RIPC remains a promising strategy to provide protection to the entire body specifically in the nonsurgical setting. 31 But it harbors the risk of plaque ruptures, thrombosis, and embolization. More importantly, the right "dose" of ischemia is unknown specifically during concomitant anesthesia, and experimental studies suggest that diseased hearts may be less amenable to ischemic than pharmacologic preconditioning. 40 Since our study, consistent with previous results, 32 suggests that ischemic and pharmacologic preconditioning antagonize each other rather than act in synergy, organ protection with volatile anesthetics alone may be preferable at least in CABG patients. Another possibility, though less feasible in the clinical setting, could be the sequential application of different types of preconditioning-stimuli, i.e., applying RIPC in the awake patient before anesthesia and surgery. We would like to emphasize that anesthetics may mitigate much less the 
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effects of direct ischemic preconditioning (classic preconditioning), because the ischemic stimulus in this case is much stronger than the anesthetic effects and thus is likely to dominate cell signaling. Whether similar antagonistic effects between volatile anesthetics and RIPC can be observed in patients undergoing abdominal aortic aneurysm repair, i.e., in noncardiac surgery, where RIPC was successfully used for cardioprotection in the past, 41, 42 needs to be investigated in future clinical trials. Irrespectively, isoflurane and other halogenated ethers can be safely inhaled during surgery and thus act systemically providing total body protection.
Study Limitations
The negative result of our study could be theoretically because of a failure of our RIPC protocol using leg ischemia as opposed to arm ischemia-induced RIPC. However, this is unlikely, because lower limb-induced RIPC was previously shown to successfully elicit protection in the heart. 41 Also, by using microarray technology in myocardial samples we were able to monitor the effects of leg ischemia-induced RIPC on the cardiac transcriptome, providing evidence that the remote ischemic stimulus was indeed transferred to the heart. Moreover, from a conceptual point of view, leg ischemia should be more effective in activating RIPC than arm ischemia because of the higher release of autacoids. A previous study in rabbits 43 showed that propofol may inhibit desflurane preconditioning if the drugs were administered concomitantly. However, in our clinical study, we used isoflurane and not desflurane, and the results of this animal study cannot be directly translated into the clinical setting. Moreover, in the study by Julier et al. 6 propofol was used for induction and maintenance in many patients but did not block sevoflurane protection. Finally, a comparison of the peak NT-proBNP values between our current study and the study by Julier et al. 6 suggests that most probably all but not just the RIPC patients, in accordance with isoflurane application to all patients, were preconditioned and hence protected. Therefore, it is unlikely that propofol as the induction agent in our study inhibited any of the preconditioning stimuli (isoflurane or RIPC).
In conclusion, our study suggests that RIPC applied during isoflurane inhalation, and most probably inhalation of other halogenated ethers, provides no additional benefit to the myocardium of patients undergoing on-pump CABG surgery. 
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